Introduction
The nucleotide sequence of 5 out o f 8 bovine satellite DNAs have been described [1 -7 ] . The basic repeated units of all sequenced bovine satellite DNAs are internally repetitive. 1.706, 1.720b and 1.711a bovine satellite DNAs [1 -3 ] have internal 23 bp long repetitive sequences with pronounced sequence homology. This is strong evidence for the common origin of these three satellite DNAs. The 1399 bp basic repeated unit of the 1.715 bovine satellite DNA reveals 31 bp internal periodicity and the 31 bp average sequence is homologous to the 23 bp sequences coming from the 1.706, 1711a and 1.720b bovine satellite DNAs [4] , The 1.711 b bovine satellite DNA basic repeated unit consists o f one or more 1.4 kb DNA fragments highly hom ologous to the 1399 bp period of the 1.715 satellite D N A [7, 8] , Therefore, all the above mentioned bovine satellite DNAs form a family of related sequences. This close relationship can be also observed when com paring the nucleotide sequences of unperiodical segments inserted into 31 bp periods o f 1.711 b and 23 bp periods of 1.711a bovine satellite DNAs. These insertions have also pronounced sequence homology [3, 4, 7] , The aim of this work was to analyze the sequence organization of the basic repeated unit o f the 1.723 bovine satellite DNA and its possible relation to other bovine satellite DNAs.
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Materials and Methods
Total bovine DNA was isolated from kidney [9] , thymus [9] , sperm [10] and leucocytes [11] . For isolation of 1.723 satellite DNA, preparations en riched in this satellite DNA by means of precipita tion with histon H I [12] have been centrifuged in the Cs2S 0 4/Ag+ preparative gradients as described by Macaya et al. [13] .
The 680 bp repeated unit produced by digestion of 1.723 satellite DNA with Bel I was ligated to BamHI digested plasmid pUR222. Construction of recombinant plasmids and transformation was per formed according to Ruther et al. [14] , Recom binant plasmids were isolated by a rapid alkaline extrac tion method [15] and used for the isolation of the inserted DNA fragments.
Restriction endonucleases
Restriction endonucleases £coR II, Saw3AI, Alu I, 5a«96I, H aeIII, M spl and S stI were obtained and used as described earlier [16] [17] [18] . H h aI, H p a ll were from BRL and Bel I was purchased from Sigma. Digestion conditions for Sau96 were as in [19] and for Bel I as in [20] . For all other enzymes the in cubations were done in the medium of 6 m M MgCl2 , 6 m M mercaptoethanol and 6 m M Tris-HCl, pH = 7.6.
DNA sequence analysis
Sequence analysis of different restriction frag ments derived from the 680 bp long repeated unit was carried out according to Maxam and G ilbert [21] . Five specific reactions for cytosine, adenine plus cytosine, pyrimidines, purines and guanine were performed.
The nucleotide sequence was analyzed on com puters MERA305 and ODRA 1305 using program s developed in this laboratory [4] . The probability that the observed sequence homologies between different regions of sequence occur by chance was computed according to double m atching probability method of McLachlan [22] and Staden [23] and was corrected for the sequence length.
Results and Discussion
For sequencing the 1.723 bovine satellite DNA, we used total (uncloned) fragments. D espite this, most of the sequencing gels showed no am biguity. The G + C content of the bovine 1.723 satellite DNA amounts to 66.4%. The complete nucleotide sequence of the 680 bp repeated unit is shown in Fig. 1 . The strand presented has the following base composition (in mol%): A, 17%, T, 31%, G, 31% and C, 35%. The buoyant density of the bovine 1.723 satellite DNA, calculated from its base com position, is 1.725 g/cm 3. This value is 0.002 g /cm 3 higher than that estimated in analytical ultracen trifugation experiments [1, 2] , Similarly to the 1.715 bovine satellite DNA [4] , this difference m ay be due to the presence of methylated cytosine residues.
The computer analysis of the 680 bp sequence performed according to M cLachan [22] , Staden [23] and the study of distribution of distances between identical di-or trinucleotides have not revealed the presence of any periodicity spread over the 680 bp repeated unit. On the other hand, the frequency of certain tetranucleotides of 1.723 satellite D NA deviates from that expected for DNA sequence o f a given base composition. For example, tetranucleo tides AGCT, CTCT, TCTG and TTCC occur, re spectively, 5.5, 4.2, 3.7 and 3.3 times m ore fre quently than expected. We have also found several regions of significant homology of 11 bp scattered on the 680 bp unit (Fig. 2) . Further com puter anal ysis based on construction o f a sim plified m atrix of homology revealed two groups of segments A and B (Fig. 3a) . There are two A type segments A l and A2 and three B type segments B l, B2 and B3. The percentage of sequence homologies between these segments and the probabilities of their appearance by chance in a 680 bp long random sequence o f base composition as in 1.723 satellite DNA are given in Fig. 4 .
The localization of segments of the A and B type along the 680 bp unit (Fig. 3 a) enabled us to con sider this unit as composed of imperfect direct repeats formed by A1B1 and A2B2 segments com bined with the B segment. Such an arrangem ent of the segments taken together with the data presented in Fig. 4 suggests the possible sequence of events during the generation of the basic repeated unit of the bovine 1.723 satellite DNA. The highest values of sequence homology observed for A l and A 2, B1 and B2 (Fig. 4) suggest that duplication of a b (Fig. 3 b) ancestral segment was the last step in the formation of the repeated unit. The B3 segment which reveals much lower but significant homology with B1 and B2 segments probably originated earlier from the ancestral b segment, possibly by duplication. In summary, it seems possible that the ancestral segment a b or its parts after two con secutive duplications gave rise to the ancestral 680 bp sequence. The sequence heterogeneity within the 680 bp repeated unit was investigated. The restriction anal ysis of total and cloned 680 bp repeated units reveals the sequence heterogeneity between differ ent 680 bp DNA segments (Fig. 1) . The data from the restriction analysis were confirmed by sequence determination of 3 cloned 680 bp segments of 1.723 bovine satellite DNA. Only point mutations were observed. The distribution of these m utations along the 680 bp repeated unit indicates that the changes of the sequence are grouped in a particular region, at positions 500-650.
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The methylation pattern of cytosine residues in 33 CpG dinucleotides occurring in the basic re peated unit as revealed by digestion with H hal and H p all restriction nucleases is similar for DNA isolated from thymus, kidney and leucocytes. In a part of the 680 bp repeated units all the cleavage sites for H hal and H pall are blocked but in most of them only partial methylation is observed (Fig. 5) . We have also noticed that the 1.723 satellite DNA is undermethylated in sperm. Similar results has been reported for other satellite DNAs [1 -5 , 25] .
